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section (21). The first rib (61) is provided not to be on a
firstreference line (L1) that bisects an angle between two
lines, one of which connects a rotation center (Q) of the
rotor core (11) and one of circumferential ends of a set of
the plurality of cavities of the cavity section (21), and
another one of which connects the rotation center (Q) of
the rotor core (11) and another one of the circumferential
ends of the set of the plurality of cavities of the cavity
section (21); and the first rib (61) includes a linear part
extending from the radially inner side of the cavity section
(21) to the radially outer side of the cavity section (21)ina
direction of a force acting on the first rib (61) while the
rotor core (11) is rotating.

FIG4

)
\ (
21 111
(200 (11)

X 32a 32c 32b

32

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 496 188 A1 2

Description
TECHNICAL FIELD

[0001] The present disclosure relates to a rotor, a
motor, a compressor, and a refrigeration apparatus.

BACKGROUND ART

[0002] Patent Document 1 discloses a synchronous
reluctance motor. The rotor core of this motor has a
plurality of slits for each magnetic pole of the rotor core.
The slitis an arc-shaped opening that is raised toward the
center of the cylinder of the rotor core and that has a
vertex on the g-axis.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: WO 2019/082518

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] In the motor of Patent Document 1, when the
rotor (90) is rotating so that the centrifugal force is acting
on the rotor core, stress is likely to concentrate on the
circumferential ends of the (slit) the cavity section.

SOLUTION TO THE PROBLEM

[0005] A first aspect of the present disclosure is direc-
ted to arotor. The rotor includes: arotor core (11) that has
a cavity section (21) having a plurality of cavities for each
magnetic pole, wherein the rotor core (11) includes a first
rib (61) between one of the plurality cavities of the cavity
section (21) and another one of the plurality of cavities
adjacent to the one of the plurality of cavities in a circum-
ferential direction, where the first rib (61) extends from a
radially inner side of the cavity section (21) to a radially
outer side of the cavity section (21), and the firstrib (61) is
provided notto be on afirstreference line (L1) that bisects
an angle between two lines, one of which connects a
rotation center (Q) of the rotor core (11) and one of
circumferential ends of a set of the plurality of cavities
of the cavity section (21), and another one of which
connects the rotation center (Q) of the rotor core (11)
and another one of the circumferential ends of the set of
the plurality of cavities of the cavity section (21); and the
first rib (61) includes a linear part extending from the
radially inner side of the cavity section (21) to the radially
outer side of the cavity section (21)in a direction of a force
acting on the first rib (61) while the rotor core (11) is
rotating.

[0006] According to the first aspect, by providing the
first rib (61), the stress concentration at the circumfer-
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ential ends of the cavity section (21) while the rotor core
(11) is rotating can be reduced.

[0007] A second aspect of the present disclosure is
directed to the rotor of the first aspect. In the second
aspect, the first rib (61) is formed so that a center line the
firstrib (61) extends in the direction of the force acting on
the first rib (61) while the rotor core (11) is rotating.
[0008] Accordingto the second aspect, the firstrib (61)
can be thinner than if the first rib (61) is not formed so that
the center line of the first rib (61) extends in the direction
of the force acting on the first rib (61) while the rotor core
(11)is rotating. Accordingly, leakage flux passing through
the first rib (61) can be reduced.

[0009] A third aspect of the present disclosure is direc-
ted to the rotor of the first or second aspect. In the third
aspect, the rotor core (11) includes a center rib (50)
between one of the plurality cavities of the cavity section
(21)and another one of the plurality of cavities adjacent to
the one of the plurality of cavities in a circumferential
direction, where the center rib (50) extends along the first
reference line (L1) from the radially inner side of the cavity
section (21) to the radially outer side of the cavity section
(21).

[0010] According to the third aspect, by providing the
center rib (50), the stress concentration at the circumfer-
ential ends of the cavity section (21) while the rotor core
(11) is rotating can be reduced.

[0011] A fourth aspect of the present disclosure is
directed to the rotor of any one of the first to third aspects.
In the fourth aspect, the rotor core (11) includes a second
rib (62) between one of the plurality cavities of the cavity
section (21) and another one of the plurality of cavities
adjacent to the one of the plurality of cavities in a circum-
ferential direction, where the second rib (62) extends
from the radially inner side of the cavity section (21) to
the radially outer side of the cavity section (21), and the
second rib (62) is provided not to be on the first reference
line (L1), and includes a linear part extending from the
radially inner side of the cavity section (21) to the radially
outer side of the cavity section (21) in the direction of the
force acting on the second rib (62) while the rotor core
(11) is rotating.

[0012] According to the fourth aspect, by providing the
second rib instead of the first rib (61), the stress concen-
tration at the circumferential ends of the cavity section
(21) while the rotor core (11) is rotating can be reduced.
[0013] A fifth aspect of the present disclosure is direc-
ted to the rotor of the fourth aspect. In the fifth aspect, the
second rib (62) is line-symmetric to the first rib (61) with
respect to the first reference line (L1).

[0014] According to the fifth aspect, the stress concen-
tration at both the circumferential ends of the cavity
section (21) while the rotor core (11) is rotating can be
reduced in balance.

[0015] Asixth aspectof the present disclosure is direc-
ted to the rotor of any one of the first to fifth aspects. In the
sixth aspect, in the rotor core (11), a plurality of cavity
sections (20) arranged in a radial direction for each
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magnetic pole of the rotor core (11) are formed, and the
cavity section (21)inwhich thefirstrib (61)is provided is a
radially innermost one of the plurality of cavity sections
(20).

[0016] According to the sixth aspect, stress concentra-
tion is likely to be generated at the circumferential ends of
the radially innermost cavity section (21) among the
plurality of cavity sections (20) arranged in the radial
direction while the rotor core (11) is rotating. Thus, by
the first rib (61) being provided in the radially innermost
cavity section (21) among the plurality of cavity sections
(20) arranged in the radial direction, the stress concen-
tration at the circumferential ends of the cavity section
(21) while the rotor core (11) is rotating can be reduced
effectively.

[0017] A seventh aspect of the present disclosure is
directed to the rotor of any one of the first to sixth aspects.
In the seventh aspect, the force acting on the firstrib (61)
while the rotor core (11) is rotating is a force correspond-
ing to at least a centrifugal force among the centrifugal
force, an electromagnetic force, and a torque acting on
the rotor core (11).

[0018] An eighth aspect of the present disclosure is
directed to the rotor of the seventh aspect. In the eighth
aspect, a line (F) of action is located in a second range
that is located inward of a first range between a first
imaginary line (L3) and a second imaginary line (L4),
where the line (F) of action extends from a first intersec-
tion (A) in the direction of the force acting on the first rib
(61) while the rotor core (11) is rotating, where the first
intersection (A)is anintersection between thefirstrib (61)
and the radially inner wall surface (30) of the cavity
section (21), where the first imaginary line (L3) extends
from the first intersection (A) in a direction parallel to the
firstreference line (L1) and is provided radially outward of
the radially inner wall surface (30) of the cavity section
(21), where the second imaginary line (L4) extends from
the first intersection (A) and passes through a second
intersection (B), and where the second intersection (B) is
an intersection between the first reference line (L1) and
an outer circumferential edge of the rotor core (11).
[0019] An ninth aspect of the present disclosure is
directed to the rotor of the eighth aspect. In the nine
aspect, the second range is a range between a third
imaginary line (La) and afourthimaginary line (Lb), where
the third imaginary line (La) extends from the first inter-
section (A) and is located inward of the firstimaginary line
(L3) in the first range, and where the fourth imaginary line
(Lb) extends from the first intersection (A) and is located
inward of the second imaginary line (L4) in the firstrange,
an angle between the first imaginary line (L3) and the
third imaginary line (La) is 1.9°X4/n, an angle between
the second imaginary line (L4) and the fourth imaginary
line (Lb) is 3.2°X4/n, and n represents the number of
magnetic poles of the rotor core (11).

[0020] A tenth aspect of the present disclosure relates
to amotor including the rotor of any one of the first to ninth
aspects.
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[0021] A eleventh aspect of the present disclosure
relates to a compressor including the motor of the tenth
aspect.

[0022] A twelfth aspect of the present disclosure re-
lates to a refrigeration apparatus including the compres-
sor of the eleventh aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1is atransverse sectional view of an exemplary
configuration of a motor of an embodiment.

FIG. 2is atransverse sectional view of an exemplary
configuration of a rotor of the embodiment.

FIG. 3is atransverse sectional view of an exemplary
configuration of a main part of the rotor of the embo-
diment.

FIG. 4 is atransverse sectional view of an exemplary
detailed configuration of the rotor of the embodiment.
FIG. 5is atransverse sectional view of an exemplary
configuration of a rotor of a first comparative exam-
ple.

FIG. 6 is a magnetic flux diagram showing a distribu-
tion of the magnetic flux in the rotor of the embodi-
ment.

FIG. 7 is a magnetic flux diagram showing a distribu-
tion of the magnetic flux in a rotor of the first com-
parative example.

FIG. 8 is a stress distribution diagram showing a
stress distribution in a rotor of a second comparative
example.

FIG. 9 is a stress distribution diagram showing a
stress distribution in the rotor of the embodiment.
FIG. 10 is a transverse sectional view of an exemp-
lary configuration of a main part of a rotor of a first
variation of the embodiment.

FIG. 11 is a transverse sectional view of an exemp-
lary configuration of a main part of a rotor of a second
variation of the embodiment.

FIG. 12 is a transverse sectional view of an exemp-
lary configuration of a main part of a rotor of a third
variation of the embodiment.

FIG. 13 is a transverse sectional view of an exemp-
lary configuration of a main part of a rotor of a fourth
variation of the embodiment.

FIG. 14 is a longitudinal sectional view of a structure
of a compressor.

FIG. 15 is a piping system diagram showing a con-
figuration of a refrigeration apparatus.

FIG. 16 is a transverse sectional view showing the
direction of a force acting on a reinforcing rib while a
rotor core is rotating.

FIG. 17 is a graph showing an exemplary relation-
ship between "the electromagnetic force acting on a
rotor core" and "the angle (o) between the line of
action and a first imaginary line."

FIG. 18 is a graph showing an exemplary relation-
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ship between "the torque acting on a rotor core" and
"the angle (B) between the line of action and a second
imaginary line."

DESCRIPTION OF EMBODIMENTS

[0024] Anembodimentwill be described in detail below
with reference to the drawings. Note that the same re-
ference characters denote the same or equivalent com-
ponents in the drawings, and the description thereof will
not be repeated.

(Motor)

[0025] FIG. 1 shows an exemplary configuration of a
motor (1) of an embodiment. The motor (1) includes a
rotor (10) and a stator (2). The rotor (10) is fixed to a shaft
(5). In this example, the motor (1) forms a synchronous
reluctance motor. The rotor (10) is not provided with any
permanent magnet.

[0026] In the following description, the direction of the
rotation axis of the rotor (10) will be referred to as an "axial
direction," the direction orthogonal to the direction of the
rotation axis of the rotor (10) will be referred to as a "radial
direction," and the direction around the rotation axis of the
rotor (10) will be referred to as a "circumferential direc-
tion." In addition, a cross section in the axial direction will
be referred to as a "longitudinal section," and a cross
section orthogonal to the axial direction will be referred to
as a "transverse section."

[Stator]

[0027] The stator (2) is opposed to the rotor (10) with a
certain gap therebetween. The stator (2) includes a stator
core (3) and a plurality of windings (4). The stator core (3)
includes a back yoke (3a) and a plurality of teeth (3b). The
back yoke (3a) is formed in a substantially cylindrical
shape. Each of the plurality of teeth (3b) extends radially
inward from the inner circumferential surface of the back
yoke (3a). The plurality of windings (4) are wound around
the plurality of teeth (3b). In FIG. 1, hatching of the stator
core (3) and arotor core (11) to described later is omitted.

[Rotor]

[0028] FIGS. 2 to 4 shows an exemplary configuration
of the rotor (10). The rotor (10) includes the rotor core
(11). A transverse section of the rotor core (11) has a
shape that is constant throughout its axial length. In this
example, the transverse section of the rotor core (11) has
an outer shape that is a circular shape.

[0029] Inthis example, the rotor core (11) consists of a
laminated core. Specifically, the rotor core (11) consists
of a plurality of members stacked in the axial direction,
each member being made of an electromagnetic steel
sheet and being formed in a disc shape. In FIGS. 2 to 4,
hatching of the rotor core (11) is emitted.
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[Reference Line]

[0030] In the rotor core (11), first reference lines (L1)
and second reference lines (L2) are defined.

[0031] The firstreference lines (L1) are reference lines
which extend in the radial direction from the rotation
center (Q) of the rotor core (11), and each of which is
defined for the corresponding magnetic pole of the rotor
core (11). The number of first reference lines (L1) is equal
to the number of magnetic poles of the rotor core (11). The
firstreference lines (L1) are arranged at equal intervalsin
the circumferential direction. The first reference line (L1)
serves as the center line of the magnetic pole of the rotor
core (11). One magnetic pole of the rotor core (11) is a
portion of the rotor core (11) which is line-symmetric with
respect the corresponding one of the first reference lines
(L1). The first reference line (L1) is a line that bisects the
angle between two lines, one of which connects the
rotation center (Q) of the rotor core (11) and one of the
circumferential ends of the cavity section (21), and the
other one of which connects the rotation center (Q) of the
rotor core (11) and the other one of the circumferential
ends of the cavity section (21).

[0032] The second reference lines (L2) are reference
lines which extend in the radial direction from the rotation
center (Q) of the rotor core (11), and each of which forms
an angle with the first reference line (L1), where the angle
is obtained by dividing 180° by the number of magnetic
poles of the rotor core (11). The number of second
reference lines (L2) is equal to the number of magnetic
poles of the rotor core (11). The second reference line
(L2) serves as a boundary between the magnetic poles of
the rotor core (11). The second reference lines (L2) are
arranged at equal intervals in the circumferential direc-
tion. One magnetic pole of the rotor core (11) is a portion
of the rotor core (11) which is located between two of the
second reference lines (L2) adjacent to each other in the
circumferential direction.

[0033] In this example, the number of magnetic poles
of the rotor core (11) is "four". For the rotor core (11), four
first reference lines (L1) which are in one-to-one corre-
spondence with four magnetic poles of the rotor core (11)
and four second reference lines (L2) which are in one-to-
one correspondence with four boundaries of the mag-
netic poles of the rotor core (11) are defined. The first
reference lines (L1) and the second reference lines (L2)
are alternately arranged at equal intervals in the circum-
ferential direction. The angle between the first reference
line (L1) and the second reference line (L2) adjacent to
the first reference line (L 1) in the circumferential direction
is 45° (=180°/4).

[0034] By cavity sections (20) described later being
formed in the rotor core (11), the first reference line (L1)
serves as a g-axis along which the magnetic flux is less
likely to pass, and the second reference line (L2) serves
as a d-axis along which the magnetic flux is more likely to
pass. The d-axis is an axis along which the magnetic
resistance is minimum. The g-axis is an axis of which a
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phase difference from the d-axis with respect to the
electrical angle is 90°. The g-axis is an axis magnetically
orthogonal to the d-axis.

[Reluctance Torque and Power Factor]

[0035] In this example, the rotor (10) is rotated by
reluctance torque corresponding to a difference in induc-
tance between the salient pole direction (d-axis) and the
non-salient pole direction (g-axis). As the difference ob-
tained by subtracting the g-axis inductance from the d-
axis inductance increases, the reluctance torque in-
creases. Thus, reduction in the g-axis inductance can
cause larger reluctance torque acting on the rotor (10).
[0036] As the saliency ratio obtained by dividing the d-
axis inductance by the g-axis inductance increases, the
power factor of the motor (1) increases. Thus, reduction
in the g-axis inductance can cause a larger power factor
of the motor (1).

[Shaft Hole]

[0037] The rotor core (11) has a shaft hole (15). The
shaft hole (15) is located at a central portion of the rotor
core (11) and penetrates the rotor core (11) in the axial
direction. A transverse section of the shaft hole (15) has a
circular shape centered on the rotation center (Q) of the
rotor core (11) and is constant throughout the axial length
of the rotor core (11). A wall surface of the shaft hole (15)
is a cylindrical surface centered on the rotation center (Q)
of the rotor core (11).

[Cavity Section]

[0038] In the rotor core (11), the plurality of cavity
sections (20) arranged in the radial direction for each
magnetic pole of the rotor core (11) are formed. In this
example, five cavity sections (20) are arranged in the
radial direction for each magnetic pole of the rotor core
(11). The cavity section (20) includes one or more cav-
ities.

[0039] Each of the plurality of cavity sections (20) is
located radially outside the shaft hole (15) and penetrates
the rotor core (11) in the axial direction. Each of the
plurality of cavity sections (20) extends to intersect with
the first reference line (L1). Each of the plurality of cavity
sections (20) is line-symmetric with respect to the first
reference line (L1). Each of the plurality of cavity sections
(20) does not intersect with the second reference lines
(L2).

[0040] Inthis example, among the plurality of the cavity
sections (20) provided for each magnetic pole of the rotor
core (11), the cavity sections (20) except those most
inward in the radial direction are formed in an arc shape
raised toward the rotation center (Q) of the rotor core (11).
[0041] Specifically, a radially inner wall surface of the
second one of the cavity sections (20) from the radially
inner side is formed in an arc shape raised toward the

10

15

20

25

30

35

40

45

50

55

rotation center (Q) of the rotor core (11). A radially outer
wall surface of the second one of the cavity sections (20)
is also formed in an arc shape raised toward the rotation
center (Q) of the rotor core (11). The cavity width, which is
a distance between the radially inner wall surface of the
second one of the cavity sections (20) and the radially
outer wall surface of the second one of the second cavity
sections (20), is constant throughout the circumferential
length of the second cavity section (20).

[0042] The third and fourth ones of the cavity sections
(20) from the radially inner side have the same config-
uration as the second one of the cavity sections (20). The
distance between the radially inner wall surface of the
third one of the cavity sections (20) and the radially outer
wall surface of the second one of the cavity sections (20)
(i.e., the width of the second one of the partition walls
(112) described later) is constant throughout the circum-
ferential length of the third one of the cavity sections (20).
The distance between the radially inner wall surface of
the fourth one of the cavity sections (20) and the radially
outer wall surface of the third one of the cavity sections
(20) (i.e., the width of the third one of the partition walls
(112) described later) is constant throughout the circum-
ferential length of the fourth one of the cavity sections
(20).

[0043] The fifth one of the cavity sections (20) from the
radially inner side is the radially outermost one of the
plurality of cavity sections (20) arranged in the radial
direction. A radially inner wall surface of the fifth one of
the cavity sections (20) is formed in an arc shape raised
toward the rotation center (Q) of the rotor core (11). A
radially outer wall surface of the fifth one of the cavity
sections (20) is formed in an arc shape recessed with
respect to the rotation center (Q) of the rotor core (11).
The distance between the radially inner wall surface of
the fifth one of the cavity sections (20) and the radially
outer wall surface of the fourth one of the cavity sections
(20) (i.e., the width of the fourth one of the partition walls
(112) described later) is constant throughout the circum-
ferential length of the fifth one of the cavity sections (20).

[Radially Innermost Cavity Section]

[0044] Next, the radially innermost one of the plurality
of cavity sections (20) provided for each magnetic pole of
the rotor core (11) will be described. The radially inner-
most one of the cavity sections (20) is the first one of the
cavity sections (20) from the radially inner side. The
radially innermost one of the cavity sections (20) will
be hereinafter referred to as "the cavity section (21)."
The radially inner wall surface (30) of the cavity section
(21) will be referred to as "the inner wall surface (30)," and
the radially outer wall surface (40) of the cavity section
(21) will be referred to as "the outer wall surface (40)."

[Inner Wall Surface]

[0045] The inner wall surface (30) of the cavity section
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(21) includes a central surface section (31) including a
vicinity of the first reference line (L1), and includes two
side surface sections (32) each extending from the cen-
tral surface section (31) to the circumferential end of the
cavity section (21). One of the two side surface sections
(32) extends from one end of the central surface section
(31) in the of circumferential direction to one end of the
cavity section (21) in the circumferential direction, and
the other one of the two side surface sections (32) ex-
tends from the other end of the central surface section
(31) in the circumferential direction to the other end of the
cavity section (21) in the circumferential direction.
[0046] "The vicinity of the firstreferenceline (L1)" ofthe
innerwall surface (30) of the cavity section (21)includes a
portion of the inner wall surface (30) of the cavity section
(21), where "the portion includes the intersection (Z)
between the inner wall surface (30) of the cavity section
(21) and the first reference line (L1)." In this example, a
center rib (50) along the first reference line (L1) is pro-
vided in the cavity section (21), and thus "the intersection
(Z) between the inner wall surface (30) of the cavity
section (21) and the first reference line (L1)" is an inter-
section between an arc-shaped imaginary plane section
(indicated by a broken line in FIG. 4) of the inner wall
surface (30) of the cavity section (21) and the first re-
ference line (L1). "The vicinity of the first reference line
(L1)" of the inner wall surface (30) of the cavity section
(21) also includes a portion of the inner wall surface (30)
of the cavity section (21) which is closest to the first
reference line (L1).

<Central Surface Section>

[0047] The central surface section (31) of theinnerwall
surface (30) of the cavity section (21) is recessed with
respect to the rotation center (Q) of the rotor core (11).
The central surface section (31) of the inner wall surface
(30) of the cavity section (21) includes a portion having
the center of curvature that is radially inward of the inner
wall surface (30) of the cavity section (21).

[0048] In this example, the central surface section (31)
curves along the wall surface of the shaft hole (15). The
distance between the central surface section (31) and the
wall surface of the shaft hole (15) is constant throughout
the circumferential length of the central surface section
(31).

<Side Surface Section>

[0049] The side surface section (32) of the inner wall
surface (30) of the cavity section (21) is raised toward the
intersection (X) between the second reference line (L2)
and the wall surface of the shaft hole (15). The side
surface section (32) of the inner wall surface (30) of
the cavity section (21) includes a portion having the
center of curvature that is radially outward of the inner
wall surface (30) of the cavity section (21).

[0050] In this example, the side surface section (32)
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includes an arc surface section (32a), a flat surface
section (32b), and a connecting surface section (32c).
The arc surface section (32a) is a portion of the side
surface section (32) which is connected to the central
surface section (31). The flat surface section (32b) is a
portion of the side surface section (32) which is con-
nected to a circumferential end of the cavity section
(21). The connecting surface section (32c) is a portion
of the side surface section (32) which connects the arc
surface section (32a) and the flat surface section (32b).
[0051] The arc surface section (32a) curves along the
wall surface of the shaft hole (15). In this example, the
distance between the arc surface section (32a) and the
wall surface of the shaft hole (15) is constant throughout
the circumferential length of the arc surface section
(32a). The distance between the arc surface section
(32a) and the wall surface of the shaft hole (15) is equal
to the distance between the central surface section (31)
and the wall surface of the shaft hole (15).

[0052] The flat surface section (32b) extends along the
second reference line (L2). In this example, the distance
between the flat surface section (32b) and the second
reference line (L2) gradually shortens toward the radially
outer side. In other words, the flat surface section (32b)is
inclined with respect to the second reference line (L2),
gradually approaching the second reference line (L2)
toward the radially outer side.

[0053] The connecting surface section (32c) curves to
be raised toward the intersection (X) between the second
reference line (L2) and the wall surface of the shaft hole
(15). The connecting surface section (32c) has the center
of curvature that is radially outward of the inner wall
surface (30).

[Outer Wall Surface]

[0054] The outer wall surface (40) of the cavity section
(21) is formed in an arc shape raised toward the rotation
center (Q) of the rotor core (11). The distance between
the outer wall surface (40) of the cavity section (21) and
the radially inner wall surface of the second one of the
cavity sections (20) (i.e., the width of the first one of the
partition walls (112) described later) is constant through-
outthe circumferential length of the second cavity section
(20).

[Cavity Width]

[0055] The inner wall surface (30) of the cavity section
(21) includes a portion in which a cavity width (W1), a
distance between the inner wall surface (30) and the
outer wall surface (40) of the cavity section (21), is longer
than the cavity width (W1) at the vicinity of the first
reference line (L1) of the inner wall surface (30) of the
cavity section (21).

[0056] The cavity width (W1) of the cavity section (21)
is a distance defined with respect to the outer wall surface
(40) of the cavity section (21). Specifically, the cavity
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width (W1) of the cavity section (21) is a distance along
the line perpendicular to the outer wall surface (40) of the
cavity section (21) (i.e., a distance between the inner wall
surface (30) and the outer wall surface (40) of the cavity
section (21)).

[0057] In this example, "the portion in which a cavity
width (W1), a distance between the inner wall surface
(30) and the outer wall surface (40) of the cavity section
(21), is longer than the cavity width (W1) at the vicinity of
the first reference line (L1) of the inner wall surface (30) of
the cavity section (21)" of the inner wall surface (30) of the
cavity section (21)is the connecting surface section (32c)
ofthe innerwall surface (30) of the cavity section (21). For
example, the cavity width (W1) of "the portion in which a
cavity width (W1), a distance between the inner wall
surface (30) and the outer wall surface (40) of the cavity
section (21), is longer than the cavity width (W1) at the
vicinity of the first reference line (L1) of the inner wall
surface (30) of the cavity section (21)" of the inner wall
surface (30) of the cavity section (21) is 1.5 to 5 times
longer than the cavity width (W1) at the vicinity of the first
reference line (L1) of the inner wall surface (30) of the
cavity section (21).

[0058] In this example, the cavity width (W1) at the
vicinity of the first reference line (L1) in the inner wall
surface (30) of the cavity section (21) is the cavity width
(W1) at the intersection (Z) between the inner wall sur-
face (30) of the cavity section (21) and the first reference
line (L1)inthe inner wall surface (30) of the cavity section
(21).

[Configuration of Rotor Core]

[0059] The rotor core (11) includes a base (110) and a
plurality of salient poles (111). The number of salient
poles (111) is equal to the number of second reference
lines (L2) defined in the rotor core (11). In this example,
the number of salient poles (111) is four.

[0060] The rotor core (11) includes a plurality of parti-
tion walls (112), a plurality of side bridges (113), and a
center bridge (114) for each magnetic pole of the rotor
core (11). In this example, four partition walls (112), eight
side bridges (113), and one center bridge (114) are
provided for each magnetic pole of the rotor core (11).

[Base]

[0061] The base (110)is formed in a cylindrical shape.
In this example, a width of the base (110) (i.e., alength in
the radial direction) is constant throughout the circum-
ference of the base (110). An inner circumferential sur-
face of the base (110) forms the wall surface of the shaft
hole (15).

[Salient Pole]

[0062] The plurality of salient poles (111) are arranged
at equal intervals in the circumferential direction. In this

10

15

20

25

30

35

40

45

50

55

example, each of the plurality of salient poles (111) ex-
tends in the radial direction from the base (110) so that the
center line of the salient pole (111) extends along the
second reference line (L2). The width of the salient pole
(111) (i.e., the length orthogonal to the extending direc-
tion) gradually decreases toward the tip end of the salient
pole (111). A base end of the salient pole (111) (i.e., a
connecting portion between the salient pole (111) and the
base (110)) is rounded.

[Partition Wall]

[0063] The plurality of partition walls (112) provided for
each magnetic pole of the rotor core (11) are arranged in
the radial direction. Each of the plurality of partition walls
(112) extends to intersect with the first reference line (L1)
and is line-symmetric with respect to the first reference
line (L1). In this example, each of the four partition walls
(112) has the same configuration. The partition wall (112)
is formed in an arc shape raised toward the rotation
center (Q) of the rotor core (11). The width of the partition
wall (112) (i.e., the length orthogonal to the circumfer-
ential direction) is constant throughout the circumferen-
tial length of the partition wall (112).

[0064] The distance between the first one of the parti-
tion walls (112) and the second one of the partition walls
(112) from the radially inner side (i.e., the cavity width of
the second one of the cavity sections (20)) is constant
throughout the circumferential length of the second one
of the partition walls (112). The same applies to the
distance between the second one of the partition walls
(112) and the third one of the partition walls (112) from the
radially inner side (i.e., the cavity width of the third one of
the cavity sections (20)) and the distance between the
third one of the partition walls (112) and the fourth one of
the partition walls (112) from the radially inner side (i.e.,
the cavity width of the fourth one of the cavity sections
(20)).

[Side Bridge]

[0065] The plurality of side bridges (113) provided for
each magnetic pole of the rotor core (11) include two
types of side bridges (113). Hereinafter, the side bridges
(113) of one of the two types will be referred to as "first
side bridges (113)," and the side bridges (113) of the other
one of the two types will be referred to as "second side
bridges (113)."

[0066] The first side bridges (113) connect the circum-
ferential end of the first one of the partition walls (112) and
the tip ends of the salient pole (111). In this example, two
first side bridges (113) are provided for each magnetic
pole of the rotor core (11). One of the first side bridges
(113) is disposed between one end of the first one of the
partition walls (112) in the circumferential direction and
the tip end of the salient pole (111) thatis circumferentially
adjacent to the end of the first one of the partition walls
(112) in the circumferential direction. The other one of the
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first side bridges (113) is disposed between the other end
of the first one of the partition walls (112) in the circumfer-
ential direction and the tip end of the salient pole (111) that
is circumferentially adjacent to the other end of the first
one of the partition walls (112) in the circumferential
direction.

[0067] The second side bridges (113) connect the
circumferential ends of two partition walls (112) adjacent
to each other in the radial direction. In this example, six
second side bridges (113) are provided for each magnetic
pole of the rotor core (11). Three of the second side
bridges (113) are arranged between the circumferential
ends, on one side, of the four partition walls (112) ar-
ranged in the radial direction, and the remaining three of
the second side bridges (113) are arranged between the
circumferential ends, on the other side, of the four parti-
tion walls (112) arranged in the radial direction.

[Center Bridge]

[0068] The center bridge (114) provided for each mag-
netic pole of the rotor core (11) curves in an arc shape
recessed with respect to the rotation center (Q) of the
rotor core (11), and connects both circumferential ends of
the radially outermost one of the partition walls (112).

[Relationship between Structure of Rotor Core and
Cavity Section]

[0069] The cavity section (21), which is the first one of
the cavity sections (20), consists of the base (110), the
two salient poles (111) adj acent to each other in the
circumferential direction, the first one of the partition walls
(112) between the two salient poles (111), and the two
side bridges (113) connecting the tip ends of the two
salient poles (111) and the two circumferential ends of
the first one of the partition walls (112).

[0070] The inner wall surface (30) of the cavity section
(21) consists of "the wall surfaces of the two salient poles
(111) adjacent to each other in the circumferential direc-
tion" and "the arc surface section of the outer circumfer-
ential surface of the base (110) between the wall surfaces
of the two salient poles (111)."

[0071] Specifically, the central surface section (31) of
the inner wall surface (30) of the cavity section (21)
consists of part of "the arc surface section of the outer
circumferential surface of the base (110) between the
wall surfaces of the two salient poles (111)." The arc
surface section (32a) of the side surface section (32)
of the inner wall surface (30) of the cavity section (21)
consists of the remaining part of "the arc surface section
of the outer circumferential surface of the base (110)
between the wall surfaces of the two salient poles
(111)." The flat surface section (32b) consists of the
remaining part of "the wall surfaces of the salient poles
(111)" except "the wall surfaces of the base ends of the
salientpoles (111)." The connecting surface section (32c)
consists of "the wall surfaces of the base ends of the
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salient poles (111)."

[0072] The outer wall surface (40) of the cavity section
(21) consists of the radially inner wall surface of the first
partition wall (112). The end surface of the cavity section
(21)inthe circumferential direction consists of the radially
inner wall surface of the first side bridge (113).

[Center Rib]

[0073] The rotor core (11) includes the center rib (50)
for each magnetic pole of the rotor core (11). In this
example, the center rib (50) is provided in each of the
cavity sections (20) except the radially outermost, fifth
one of the plurality of cavity sections (20) provided for the
magnetic poles of the rotor core (11).

[0074] The centerrib (50) provided in the cavity section
(21) which is the first one of the cavity sections (20)
extends along the first reference line (L1) from the inner
wall surface (30) of the cavity section (21) to the outer wall
surface (40) of the cavity section (21). Specifically, the
center rib (50) provided in the cavity section (21) includes
a linear part extending along the first reference line (L1)
from the inner wall surface (30) of the cavity section (21)
to the outer wall surface (40) of the cavity section (21).

[0075] Inthis example, the centerrib (50) is formed so
that the center line of the center rib (50) extends along the
firstreference line (L1). The centerrib (50) has abase end
of which the width (the length orthogonal to the extending
direction) gradually decreases as the distance from the
inner wall surface (30) of the cavity section (21) in-
creases. The center rib (50) has a tip end of which the
width gradually increases as the distance to the outer wall
surface (40) of the cavity section (21) decreases. The
width of the part of the center rib (50) except the base end
and the tip end is the same (constant).

[0076] The configuration of the center rib (50) provided
in each of the second to fourth ones of the cavity sections
(20) is the same as that of the center rib (50) provided in
the cavity section (21).

[Reinforcing Rib]

[0077] Therotorcore (11)includes areinforcingrib (60)
for each magnetic pole of the rotor core (11). In this
example, the reinforcing rib (60) is provided in each of
the first to third ones of the plurality of cavity sections (20)
provided for each magnetic pole of the rotor core (11).

[0078] The reinforcing rib (60) provided in the cavity
section (21), which is the first one of the cavity sections
(20), extends from the inner wall surface (30) of the cavity
section (21) to the outer wall surface (40) of the cavity
section (21). Specifically, the reinforcing rib (60) is pro-
vided not to be on the first reference line (L1), and
includes a linear part from the inner wall surface (30)
of the cavity section (21) to the outer wall surface (40) of
the cavity section (21) in the direction of the force acting
on the reinforcing rib (60) while the rotor core (11) is
rotating. The direction of the force acting on the reinfor-
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cing rib (60) while the rotor core (11) is rotating is the
direction of the force acting on the intersection (Y) be-
tween the reinforcing rib (60) and the outer wall surface
(40) of the cavity section (21) (i.e., the direction of the
white arrow in FIG. 4).

[0079] Inthisexample, the reinforcingrib (60)is formed
so that the center line of the reinforcing rib (60) (i.e., the
straight line indicated by the one-dot chain line in the
figure) extends in the direction of the force acting on the
reinforcing rib (60) while the rotor core (11)is rotating. The
reinforcing rib (60) has a base end of which the width (the
length orthogonal to the extending direction) gradually
decreases as the distance from the inner wall surface
(30) of the cavity section (21) increases. The reinforcing
rib (60) has a tip end of which the width gradually in-
creases as the distance to the outer wall surface (40) of
the cavity section (21) decreases. The width of the part of
the reinforcing rib (60) except the base end and the tip
end is the same (constant).

[0080] In this example, the cavity section (21) is pro-
vided with two reinforcing ribs (60). Hereinafter, one of the
two reinforcing ribs (60) will be referred to as a "first rib
(61)," and the other one of the two reinforcing ribs (60) will
bereferredtoasa"secondrib (62)." The secondrib (62) is
line-symmetric to the first rib (61) with respect to the first
reference line (L1).

[0081] The configuration of the reinforcing rib (60)
provided in each of the second to third ones of the cavity
sections (20) is the same as that of the reinforcing rib (60)
provided in the cavity section (21).

[0082] Asdescribed above, in this example, the center
rib (50) and the reinforcing rib (60) are provided in the
cavity section (21), thereby dividing the cavity of the
cavity section (21) into a plurality of cavities. Thus, the
first reference line (L1) can be regarded as a line that
bisects the angle between two lines, one of which con-
nects the rotation center (Q) of the rotor core (11) and one
of the circumferential ends of the set of the plurality of
cavities of the cavity section (21), and the other one of
which connects the rotation center (Q) of the rotor core
(11) and the other one of the circumferential ends of the
set of the plurality of cavities of the cavity section (21).

[Comparison between Embodiment and First Com-
parative Example]

[0083] Next, the embodiment and a first comparative
example will be compared with reference to FIGS. 2 and
5.

[0084] FIG. 5 shows an exemplary configuration of a
rotor (80) of the first comparative example. The rotor (80)
of the first comparative example includes a rotor core
(81). The rotor core (81) is different in the configuration of
the radially innermost one of the cavity sections (20) from
the rotor (10) of the embodiment. The other configura-
tions of the rotor core (81) are the same as those of the
rotor (10) of the embodiment.

[0085] A cavity section (85), which is the radially inner-
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most one of the plurality of cavity sections (20) provided
for each magnetic pole of the rotor core (81) of the first
comparative example, has the same configuration as the
other cavity sections (20). The cavity section (85) is
formed in an arc shape raised toward the rotation center
(Q) of the rotor core (81).

[0086] As shown in FIG. 5, in the rotor (80) of the first
comparative example, the cavity section (85) is formedin
an arc shape raised toward the rotation center (Q) of the
rotor core (11), and thus it is difficult to reduce the portion
of the rotor core (81) that is located radially inward of the
cavity section (85).

[0087] In the rotor (80) of the first comparative exam-
ple, the g-axis magnetic flux easily passes through the
portion of the rotor core (81) that is radially inward of the
cavity section (85), and thus it is difficult to reduce the g-
axis inductance. Accordingly, it is difficult to increase the
reluctance torque acting on the rotor (80).

[0088] On the other hand, as shown in FIG. 2, in the
rotor (10) of the embodiment, the central surface section
(31) ofthe innerwall surface (30) of the cavity section (21)
is recessed with respect to the rotation center (Q) of the
rotor core (11). The side surface section (32) of the inner
wall surface (30) of the cavity section (21)is raised toward
the intersection (X) between the second reference line
(L2) and the wall surface of the shaft hole (15).

[0089] In the rotor (10) of the embodiment, the above
configuration enables the inner wall surface (30) of the
cavity section (21) to be closer to the wall surface of the
shaft hole (15) and the second reference line (L2) than if
the inner wall surface (30) of the cavity section (21) is
formed in an arc shape raised toward the rotation center
(Q) of the rotor core (11) (i.e., the rotor (80) of the first
comparative example). For example, the inner wall sur-
face (30) of the cavity section (21) can be closer to the
wall surface of the shaft hole (15) and the second refer-
ence line (L2) than if the inner wall surface (30) of the
cavity section (21) is formed in "an arc shape raised
toward the rotation center (Q) of the rotor core (11) and
having an apex passing through the intersection (Z)
shown in FIG. 4."

[0090] Inthis manner, the inner wall surface (30) of the
cavity section (21) can be closer to the wall surface of the
shaft hole (15) and the second reference line (L2), and
thus the portion of the rotor core (11) thatis radially inward
ofthe cavity section (21) can be reduced. Accordingly, the
g-axis magnetic flux is less likely to pass through the
portion of the rotor core (11) that is radially inward of the
cavity section (21), and thus the g-axis inductance can be
reduced. As a result, the reluctance torque can be in-
creased.

[0091] FIG. 6 shows an exemplary distribution of the
magnetic flux in the rotor (10) of the embodiment, and
FIG. 7 shows an exemplary distribution of the magnetic
flux in the rotor (80) of the first comparative example. The
amount of leakage flux in the cavity section (21) of the
rotor core (11) of the rotor (10) of the embodiment shown
in FIG. 6 is smaller than that in the cavity section (85) of



17 EP 4 496 188 A1 18

the rotor core (81) of the rotor (80) of the first comparative
example shown in FIG. 7.

[Comparison between Embodiment and Second Com-
parative Example]

[0092] Next, the embodiment and a second compara-
tive example will be compared with reference to FIGS. 8
and 9.

[0093] As shown in FIG. 8, a rotor (90) of the second
comparative exampleincludes arotor core (91). The rotor
core (91) is different in the internal structure of the cavity
sections (20) from the rotor core (11) of the embodiment.
The other configurations of the rotor core (91) are the
same as those of the rotor core (11) of the embodiment.
[0094] The cavity section (20) of the rotor core (91) of
the second comparative example is not provided with the
reinforcing rib (60). The rotor core (91) of the second
comparative example does not include the reinforcing rib
(60).

[0095] FIG. 8 shows anexemplary stress distributionin
the rotor core (91) where the rotor (90) of the second
comparative example is rotating. As shown in FIG. 8, in
the rotor (90) of the second comparative example, when
the rotor (90) is rotating so that the centrifugal force is
actingon the rotor core (91), stress is likely to concentrate
on the circumferential ends (i.e., the side bridges (113)) of
the cavity section (20).

[0096] FIG.9shows anexemplary stressdistributionin
the rotor core (11) where the rotor (10) of the embodiment
is rotating. As shown in FIG. 9, the rotor (10) of the
embodiment is provided with the reinforcing ribs (60),
and thus the stress concentration at the circumferential
ends (i.e., the side bridges (113)) of the cavity section (20)
is reduced. The stress distribution in the reinforcing rib
(60) is uniform throughout the reinforcing rib (60) (i.e., the
distribution has little unevenness).

[Advantages of Embodiment]

[0097] As described above, in the embodiment, the
central surface section (31) of the inner wall surface
(30) of the cavity section (21) is recessed with respect
to the rotation center (Q) of the rotor core (11). The side
surface section (32) of the inner wall surface (30) of the
cavity section (21) is raised toward the intersection (X)
between the second reference line (L2) and the wall
surface of the shaft hole (15).

[0098] According to the above configuration, the inner
wall surface (30) of the cavity section (21) can be closer to
the wall surface of the shaft hole (15) and the second
reference line (L2) than if the inner wall surface (30) of the
cavity section (21) is formed in an arc shape raised
toward the rotation center (Q) of the rotor core (11). Thus,
the portion of the rotor core (11) that is radially inward of
the cavity section (21) can be reduced. Accordingly, the
g-axis magnetic flux is less likely to pass through the
portion of the rotor core (11) that is radially inward of the
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cavity section (21), and thus the g-axis inductance can be
reduced. As a result, the reluctance torque can be in-
creased.

[0099] According tothe above configuration, the g-axis
inductance can be reduced, and thus the saliency ratio
(i.e., the ratio obtained by dividing the d-axis inductance
by the g-axis inductance) can be increased. Accordingly,
the power factor of the motor (1) can be increased.
[0100] According to the above configuration, the reluc-
tance torque can be increased, and thus the motor cur-
rent required to rotationally drive the rotor (10) (i.e., the
current flowing through the windings (4) of the stator (2))
can be reduced. Accordingly, the copper loss of the motor
(1) can be reduced, and thus the efficiency of the motor
(1) can be improved.

[0101] Inthe embodiment, the outer wall surface (40) of
the cavity section (21) is formed in an arc shape raised
toward the rotation center (Q) of the rotor core (11). The
inner wall surface (30) of the cavity section (21) includes a
portion in which a cavity width (W1), a distance between
the inner wall surface (30) and the outer wall surface (40)
of the cavity section (21), is longer than the cavity width
(W1) at the vicinity of the first reference line (L1) of the
inner wall surface (30) of the cavity section (21).

[0102] According to the above configuration, by the
outer wall surface (40) of the cavity section (21) being
formed in the arc shape raised toward the rotation center
(Q) of the rotor core (11), the magnetic path of the d-axis
magnetic flux can be easily secured in the portion of the
rotor core (11) that is radially outside the cavity section
(21). Accordingly, decrease in the d-axis inductance can
be reduced, and thus decrease in the reluctance torque
can be reduced.

[0103] In the embodiment, the central surface section
(31) ofthe innerwall surface (30) of the cavity section (21)
includes a portion having the center of curvature that is
radially inward of the inner wall surface (30) of the cavity
section (21). The side surface section (32) of the inner
wall surface (30) of the cavity section (21) includes a
portion having the center of curvature that is radially
outward of the inner wall surface (30) of the cavity section
(21).

[0104] According to the above configuration, the cen-
tral surface section (31) of the inner wall surface (30) of
the cavity section (21) can be recessed with respect to the
rotation center (Q) of the rotor core (11). The side surface
section (32) of the inner wall surface (30) of the cavity
section (21) can be raised toward the intersection (X)
between the second reference line (L2) and the wall
surface of the shaft hole (15).

[0105] In the embodiment, the side surface section
(32) of the inner wall surface (30) of the cavity section
(21) includes the flat surface section (32b) extending
along the second reference line (L2).

[0106] According to the above configuration, the side
surface section (32) of the inner wall surface (30) of the
cavity section (21) can be closer to the second reference
line (L2), and thus the portion of the rotor core (11) that is
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radially inward of the side surface section (32) of the inner
wall surface (30) of the cavity section (21) can be re-
duced. Accordingly, the g-axis magnetic flux is less likely
to pass through the portion of the rotor core (11) that is
radially inward of the cavity section (21), and thus the g-
axis inductance can be reduced and the reluctance tor-
que can be increased.

[0107] In the embodiment, the central surface section
(31) oftheinner wall surface (30) of the cavity section (21)
curves along the wall surface of the shaft hole (15).
[0108] According to the above configuration, the cen-
tral surface section (31) of the inner wall surface (30) of
the cavity section (21) can be closer to the wall surface of
the shaft hole (15), and thus the portion of the rotor core
(11) that is radially inward of the central surface section
(31) oftheinner wall surface (30) of the cavity section (21)
can be reduced. Accordingly, the g-axis magnetic flux is
less likely to pass through the portion of the rotor core (11)
that is radially inward of the cavity section (21), and thus
the g-axis inductance can be reduced and the reluctance
torque can be increased.

[0109] In the embodiment, the cavity section (21) is
line-symmetric with respect to the first reference line (L1).
The rotor core (11) includes the reinforcing rib (60) (i.e.,
thefirstrib (61)) extending from the inner wall surface (30)
of the cavity section (21) to the outer wall surface (40) of
the cavity section (21). The reinforcing rib (60)is provided
not to be on the first reference line (L1), and includes a
linear part extending from the inner wall surface (30) of
the cavity section (21) to the outer wall surface (40) of the
cavity section (21) in the direction of the force acting on
the reinforcing rib (60) while the rotor core (11) is rotating.
[0110] In other words, the rotor core (11) includes the
reinforcing rib (60) (i.e., the firstrib (61)) between a cavity
of the cavity section (21) and another cavity adjacent to
the cavity in the circumferential direction, where the re-
inforcing rib (60) (i.e., the first rib (61)) extends from the
radially inner side of the cavity section (21) to the radially
outer side of the cavity section (21). The reinforcing rib
(60) is provided not to be on the first reference line (L1)
that bisects the angle between two lines, one of which
connects the rotation center (Q) of the rotor core (11) and
one of the circumferential ends of the set of the plurality of
cavities of the cavity section (21), and the other one of
which connects the rotation center (Q) of the rotor core
(11) and the other one of the circumferential ends of the
setofthe plurality of cavities of the cavity section (21); and
the reinforcing rib (60) includes a linear part extending
from the radially inner side of the cavity section (21) to the
radially outer side of the cavity section (21) in the direction
of the force acting on the first rib (61) while the rotor core
(11) is rotating.

[0111] According to the above configuration, by provid-
ing the reinforcing rib (60), the stress concentration at the
circumferential ends of the cavity section (21) while the
rotor core (11) is rotating can be reduced.

[0112] Inthe embodiment, the reinforcing rib (60) (i.e.,
the first rib (61)) is formed so that the center line of the
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reinforcing rib (60) extends in the direction of the force
acting on the reinforcing rib (60) while the rotor core (11)is
rotating.

[0113] According to the above configuration, the rein-
forcing rib (60) can be thinner than if the reinforcing rib
(60) is not formed so that the center line of the reinforcing
rib (60) extends in the direction of the force acting on the
reinforcing rib (60) while the rotor core (11) is rotating.
Accordingly, leakage flux passing through the reinforcing
rib (60) can be reduced.

[0114] In the embodiment, the rotor core (11) includes
the center rib (50) extending along the first reference line
(L1) from the inner wall surface (30) of the cavity section
(21) to the outer wall surface (40) of the cavity section
(21). In other words, the rotor core (11) includes the
center rib (50) between a cavity of the cavity section
(21) and another cavity adjacent to the cavity in the
circumferential direction, where the center rib (50) ex-
tends along the first reference line (L1) from the radially
inner side of the cavity section (21) to the radially outer
side of the cavity section (21).

[0115] According to the above configuration, by provid-
ing the center rib (50), the stress concentration at the
circumferential ends of the cavity section (21) while the
rotor core (11) is rotating can be reduced.

[0116] Inthe embodiment, the rotor core (11) includes
another reinforcing rib (60) (i.e., the second rib (62))
extending from the inner wall surface (30) of the cavity
section (21) to the outer wall surface (40) of the cavity
section (21). The second rib (62) is provided not to be on
the first reference line (L1), and includes a linear part
extending from the inner wall surface (30) of the cavity
section (21) to the outer wall surface (40) of the cavity
section (21) in the direction of the force acting on the
second rib (62) while the rotor core (11) is rotating.
[0117] In other words, the rotor core (11) includes the
second rib (62) between a cavity of the cavity section (21)
and another cavity adjacent to the cavity in the circum-
ferential direction, where the second rib (62) extends
from the radially inner side of the cavity section (21) to
the radially outer side of the cavity section (21). The
second rib (62) is provided not to be on the first reference
line (L1), and includes a linear part extending from the
radially inner side of the cavity section (21) to the radially
outer side of the cavity section (21) in the direction of the
force acting on the second rib (62) while the rotor core
(11) is rotating.

[0118] According to the above configuration, by provid-
ing the second rib instead of the first rib (61), the stress
concentration at the circumferential ends of the cavity
section (21) while the rotor core (11) is rotating can be
reduced.

[0119] In the embodiment, the second rib (62) is line-
symmetric to the first rib (61) with respect to the first
reference line (L1).

[0120] Accordingtothe above configuration, the stress
concentration at both the circumferential ends of the
cavity section (21) while the rotor core (11) is rotating
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can be reduced in balance.

[0121] In the embodiment, in the rotor core (11), the
plurality of cavity sections (20) arranged in the radial
direction for each magnetic pole of the rotor core (11)
are formed. The cavity section (21) in which the reinfor-
cing rib (60) (i.e., the first rib (61)) is provided is the
radially innermost one of the plurality of cavity sections
(20).

[0122] According to the above configuration, stress
concentration is likely to be generated at the circumfer-
ential ends of the radially innermost cavity section (21)
among the plurality of cavity sections (20) arranged in the
radial direction while the rotor core (11) is rotating. Thus,
by thefirstrib (61) being provided in the radially innermost
cavity section (21) among the plurality of cavity sections
(20) arranged in the radial direction, the stress concen-
tration at the circumferential ends of the cavity section
(21) while the rotor core (11) is rotating can be reduced
effectively.

(First Variation of Embodiment)

[0123] FIG. 10 shows an exemplary configuration of a
main part of a rotor (10) of a first variation of the embodi-
ment. In the rotor (10) of the first variation of the embodi-
ment, the fifth one of the cavity sections (20) from the
radially inner side is omitted. The other configurations of
the rotor (10) of the first variation of the embodiment are
the same as those of the rotor (10) of the embodiment.
[0124] In the first variation of the embodiment, the
center bridge (114) is omitted. The radially outer wall
surface of the fourth one of the partition walls (112) from
the radially inner side (i.e., the radially outermost one of
the partition walls (112)) is formed in an arc shape re-
cessed with respect to the rotation center (Q) of the rotor
core (11).

(Second Variation of Embodiment)

[0125] FIG. 11 shows an exemplary configuration of a
main part of a rotor (10) of a second variation of the
embodiment. The rotor (10) of the second variation of
the embodiment is different in the configuration of the
inner wall surface (30) of the cavity section (21) from the
rotor (10) of the embodiment. In the rotor (10) of the
second variation of the embodiment, the fifth one of
the cavity sections (20) from the radially inner side is
omitted. The other configurations of the rotor (10) of the
second variation of the embodiment are the same as
those of the rotor (10) of the embodiment. In FIG. 11, the
reinforcing rib (60) is omitted.

[0126] In the second variation of the embodiment, the
side surface section (32) of the inner wall surface (30) of
the cavity section (21) includes a plurality of flat surface
sections (32b). Inthe example of FIG. 11, the side surface
section (32) includes two flat surface sections (32b). The
other configurations of the side surface sections (32) of
the inner wall surface (30) of the cavity section (21) are
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the same as those of the side surface sections (32) of the
inner wall surface (30) of the cavity section (21) of the
embodiment.

[0127] In the second variation of the embodiment, the
center bridge (114) is omitted. The radially outer wall
surface of the radially outermost one of the partition walls
(112) serves as part of the outer circumferential surface of
the rotor core (11). Thus, the part of the outer circumfer-
ential surface of the rotor core (11) is recessed in an arc
shape raised toward the rotation center (Q) of the rotor
core (11).

(Third Variation of Embodiment)

[0128] FIG. 12 shows an exemplary configuration of a
main part of a rotor (10) of a third variation of the embodi-
ment. The rotor (10) of the third variation of the embodi-
ment is different in the number of magnetic poles of the
rotor core (11) from the rotor (10) of the embodiment. The
other configurations of the rotor (10) of the third variation
of the embodiment are the same as those of the rotor (10)
of the embodiment.

[0129] In the third variation of the embodiment, the
number of magnetic poles of the rotor core (11) is "six".
For the rotor core (11), six first reference lines (L1) which
are in one-to-one correspondence with six magnetic
poles of the rotor core (11) and six second reference
lines (L2) which are in one-to-one correspondence with
six boundaries of the magnetic poles of the rotor core (11)
are defined. The angle between the first reference line
(L1) and the second reference line (L2) adjacent to the
first reference line (L1) in the circumferential direction is
30° (=180°/6).

(Fourth Variation of Embodiment)

[0130] FIG. 13 shows an exemplary configuration of a
main part of a rotor (10) of a fourth variation of the
embodiment. The rotor (10) of the fourth variation of
the embodiment is different in the number of cavity sec-
tions (20) provided for each magnetic pole of the rotor
core (11) and different in the internal structure of the
cavity section (21) from the rotor (10) of the third variation
of the embodiment. The other configurations of the rotor
(10) of the fourth variation of the embodiment are the
same as those of the rotor (10) of the third variation of the
embodiment.

[0131] In the fourth variation of the embodiment, four
cavity sections (20) arranged in the radial direction are
provided for each magnetic pole of the rotor core (11).
Specifically, three partition walls (112) arranged in the
radial direction are provided for each magnetic pole of the
rotor core (11). Inthe radially inner side of the first partition
wall (112), a cavity section (21), which is the first one of
the cavity sections (20), is formed; between the second
and third one of the cavity sections (20), the first to third
ones of the partition walls (112) are formed; and between
the third one of the partition walls (112) and the center
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bridge (114), the fourth one of the cavity sections (20) is
formed.

[0132] In the fourth variation of the embodiment, the
cavity section (21) is provided with four reinforcing ribs
(60). Hereinafter, among the four reinforcing ribs (60),
one of the two reinforcing ribs (60) except the first rib (61)
and the second rib (62) will be referred to as a "third rib
(63)," and the other one of the two reinforcing ribs (60) will
be referred to as a "fourth rib (64)."

[0133] Thethirdrib (63)is provided between the firstrib
(61) and one end of the cavity section (21) in the circum-
ferential direction. The fourth rib (64) is provided between
the second rib (62) and the other end of the cavity section
(21) in the circumferential direction. The fourth rib (64) is
line-symmetric to the third rib (63) with respect to the first
reference line (L1).

(Compressor)

[0134] FIG. 14 shows an exemplary configuration of a
compressor (CC). The compressor (CC) includes the
motor (1), a casing (CC1), and a compression mechan-
ism (CC2).

[0135] The casing (CC1)houses the compression me-
chanism (CC2) and the motor (1). In this example, the
casing (CC1)is formed in a cylindrical shape extendingin
the vertical direction and formed with both ends closed.
The casing (CC1) is provided with a suction pipe (CC11)
and a discharge pipe (CC12). The suction pipe (CC11)
penetrates the barrel of the casing (CC1) and is con-
nected to the compression mechanism (CC2). The dis-
charge pipe (CC12) penetrates the upper portion of the
casing (CC1) and communicates with the internal space
of the casing (CC1).

[0136] The compression mechanism (CC2) com-
presses a fluid. In this example, the compression me-
chanism (CC2) is disposed below the motor (1). The
compression mechanism (CC2) compresses a fluid
sucked through the suction pipe (CC11) and discharges
the compressed fluid into the internal space of the casing
(CC1). The fluid discharged into the internal space of the
casing (CC1) is discharged through the discharge pipe
(CC12). In this example, the compression mechanism
(CC2) is a rotary compression mechanism.

[0137] The shaft (5) connects the motor (1) and the
compression mechanism (CC2). In this example, the
shaft (5) extends in the vertical direction. The motor (1)
rotationally drives the shaft (5). By the shaft (5) being
rotationally driven, the compression mechanism (CC2)is
driven.

[0138] The compressor (CC) is not limited to a rotary
compressor. The compressor (CC) may be a compressor
of swing type, scroll type, screw type, turbo type, or any
other type.

(Refrigeration Apparatus)

[0139] FIG. 15 shows an exemplary configuration of a
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refrigeration apparatus (RR). The refrigeration apparatus
(RR) includes a refrigerant circuit (RR1) in which refrig-
erant circulates. Specifically, the refrigerant circuit (RR1)
includes a compressor (CC) having the motor (1), a first
heat exchanger (RR5), a second heat exchanger (RR6),
an expansion mechanism (RR7), and a four-way switch-
ing valve (RR8). In this example, the expansion mechan-
ism (RR7) is an electronic expansion valve. The refrig-
erant circuit (RR1) performs a vapor compression refrig-
eration cycle. For example, the first heat exchanger
(RRS5) is a heat source heat exchanger, and is provided
in an outdoor space. The second heat exchanger (RR6)
is a utilization heat exchanger, and is provided in an
indoor space.

[0140] The discharge side of the compressor (CC) is
connected to a first port (P1) of the four-way switching
valve (RR8). The suction side of the compressor (CC) is
connected to a second port (P2) of the four-way switching
valve (RR8). The gas end of the first heat exchanger
(RR5) is connected to a third port (P3) of the four-way
switching valve (RR8). The liquid end of the first heat
exchanger (RR5) is connected to the liquid end of the
second heat exchanger (RR6) via the expansion me-
chanism (RRY7). The gas end of the second heat exchan-
ger (RR6) is connected to a fourth port (P4) of the four-
way switching valve (RR8).

[0141] The four-way switching valve (RR8) can switch
between afirst state (indicated by solid lines in FIG. 15)in
which the first port (P1) communicates with the third port
(P3) and in which the second port (P2) communicates
with the fourth port (P4), and a second state (indicated by
broken lines in FIG. 15) in which the first port (P1) com-
municates with the fourth port (P4) and in which the
second port (P2) communicates with the third port (P3).
[0142] When the four-way switching valve (RR8) is in
the first state, the refrigerant discharged from the com-
pressor (CC) dissipates heat in the first heat exchanger
(RRS5), then is decompressed in the expansion mechan-
ism (RR7), and then absorbs heat in the second heat
exchanger (RR6). The refrigerant having flowed out of
the second heat exchanger (RR6) is sucked into the
compressor (CC).

[0143] When the four-way switching valve (RR8) is in
the second state, the refrigerant discharged from the
compressor (CC) dissipates heat in the second heat
exchanger (RR6), then is decompressed in the expan-
sion mechanism (RR7), and then absorbs heat in the first
heat exchanger (RR5). The refrigerant having flowed out
of the first heat exchanger (RRS5) is sucked into the
compressor (CC).

[0144] Forexample, therefrigeration apparatus (RR)is
an air conditioner that switches between cooling and
heating. The refrigeration apparatus (RR) may be a cool-
ing-dedicated unit or may be a heating-dedicated unit. In
this case, in the refrigeration apparatus (RR), the four-
way switching valve (RR8) may be omitted. The refrig-
eration apparatus (RR) may be a water heater, a chiller
unit, or a cooling apparatus that cools air in an internal
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space. The cooling apparatus cools air in a refrigerator, a
freezer, a container, or the like.

(Force Acting on Reinforcing Rib)

[0145] Next, the force acting on the reinforcing rib (60)
while the rotor core (11) is rotating will be described with
reference to FIG. 16. In the example of FIG. 16, a first rib
(61) and a second rib (62) are provided as the reinforcing
rib (60).

[0146] The force acting on the reinforcing rib (60) while
the rotor core (11) is rotating varies with at least one of the
centrifugal force, the electromagnetic force, or the torque
acting on the rotor core (11). In this embodiment, the
centrifugal force is dominant among the centrifugal force,
the electromagnetic force, and the torque acting on the
rotor core (11). From the forgoing, the force acting on the
reinforcing rib (60) while the rotor core (11) is rotating can
be regarded as "the force corresponding to at least the
centrifugal force among the centrifugal force, the electro-
magnetic force, and the torque acting on the rotor core
(11)." Note that the direction of the force acting on the
reinforcing rib (60) does not necessarily match the direc-
tion of the force acting on the rotor core (11) (e.g., the total
force of the centrifugal force, the electromagnetic force,
and the torque).

(Direction of Force Acting on Reinforcing Rib)

[0147] Next, the direction of the force acting on the
reinforcing rib (60) while the rotor core (11) is rotating will
be described with reference to FIGS. 16, 17, and 18.
[0148] In the following description, the intersection
between the reinforcing rib (60) and the radially inner
wall surface (30) of the cavity section (21) will be referred
to as a "firstintersection (A)," and the line extending from
the firstintersection (A) in the direction of the force acting
on the first rib (61) while the rotor core (11) is rotating will
be referred to as a "line (F) of action."

[0149] Inthe following description, the line thatextends
from the firstintersection (A) in the direction parallel to the
first reference line (L1) and that extends and is provided
radially outward of the radially inner wall surface (30) of
the cavity section (21) will be referred to as a "first
imaginary line (L3)." The intersection between the first
reference line (L1) and the outer circumferential edge of
the rotor core (11) will be referred to as a "second inter-
section (B)," and the line extending from the first inter-
section (A) and passing through the second intersection
(B) will be referred to as a "second imaginary line (L4)."
[0150] The line (F) of action is a line indicating the
direction of the force acting on the first rib (61) from the
first intersection (A) while the rotor core (11) is rotating.
The linear part of the reinforcing rib (60) extends along
the line (F) of action from the radially inner side of the
cavity section (21) to the radially outer side of the cavity
section (21).

[0151] As the electromagnetic force acting on the rotor
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core (11) increases, the line (F) of action tends to be
inclined in the direction opposite to the rotational direction
of the rotor core (11) (i.e., the counterclockwise direction
in the example of FIG. 16). This tendency becomes more
significant as the centrifugal force acting on the rotor core
(11) decreases.

[0152] As shown in FIG. 17, as the electromagnetic
force acting on the rotor core (11) increases, the angle (o)
from the first imaginary line (L3) to the line (F) of action
gradually decreases, and the line (F) of action gradually
approaches the first imaginary line (L3). When the rotor
core (11) is magnetically saturated, the electromagnetic
force acting on the rotor core (11) is maximized, where the
angle (a) is "1.9°."

[0153] The example of FIG. 17 shows the relationship
between the angle (o) and the electromagnetic force
where the rotational speed of the rotor (10) is 10% of
the maximum value. The angle (a) at which the electro-
magnetic force acting on the rotor core (11) is maximized
varies with the number of magnetic poles of the rotor core
(11). Specifically, if the number of magnetic poles of the
rotor core (11) is "n," the angle (o) at which the electro-
magnetic force acting on the rotor core (11) is maximized
is "1.9°x4/n".

[0154] As the torque acting on the rotor core (11)
increases, the line (F) of action tends to be inclined in
the rotational direction of the rotor core (11) (i.e., the
clockwise direction in the example of FIG. 16). This
tendency becomes more significant as the centrifugal
force acting on the rotor core (11) decreases.

[0155] AsshowninFIG. 18, as the torque acting on the
rotor core (11) increases, the angle () from the second
imaginary line (L4) to the line (F) of action gradually
decreases, and the line (F) of action gradually ap-
proaches the second imaginary line (L4). When the rotor
core (11) is magnetically saturated, the torque acting on
the rotor core (11) is maximized, where the angle (B) is
"3.2°".

[0156] The example of FIG. 18 shows the relationship
between the angle () and the torque where the rotational
speed of the rotor (10) is 10% of the maximum value. The
angle () at which the torque acting on the rotor core (11)
is maximized varies with the number of magnetic poles of
the rotor core (11). Specifically, when the number of
magnetic poles of the rotor core (11) is "n," the angle
(B) at which the torque acting on the rotor core (11) is
maximized is "3.2°X4/n".

[0157] From the foregoing, the line (F) of action can be
regarded as "the line located in a second range that is
located inward of a first range between the firstimaginary
line (L3) and the second imaginary line (L4)."

[0158] The second range is located between a third
imaginary line (La) and a fourth imaginary line (Lb). The
third imaginary line (La) is a line extending from the first
intersection (A) and is located inward of the first imagin-
ary line (L3) in the first range. The fourth imaginary line
(Lb)is aline extending from the firstintersection (A)and is
located inward of the second imaginary line (L4) in the
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first range. Specifically, the angle (a1) between the first
imaginary line (L3) and the third imaginary line (La) is
1.9°X4/n, and the angle (b1) between the second ima-
ginary line (L4) and the fourth imaginary line (Lb) is
3.2°X4/n. n represents the number of magnetic poles
of the rotor core (11).

(Other Embodiments)

[0159] In the above example, the motor (1) is a syn-
chronous reluctance motor, but is not limited thereto. For
example, the motor (1) may be a permanent magnet
motor including a rotor (10) with permanent magnets.
Specifically, permanent magnets may be inserted into the
cavity sections (20) of the rotor (10).

[0160] The shape of the cavity section (21) is not
limited to the shape described in the above description.
Specifically, the shapes of the inner wall surface (30) and
the outer wall surface (40) of the cavity section (21) are
not limited to those described in the above description.
The same applies to the cavity sections (20) except the
cavity section (21) among the plurality of cavity sections
(20) arranged in the radial direction.

[0161] Forexample,the side surface section (32) ofthe
inner wall surface (30) of the cavity section (21) does not
necessarily have the connecting surface section (32c). In
other words, the flat surface section (32b) may be con-
nected to the arc surface section (32a) without passing
through the connecting surface section (32c). In addition,
the side surface section (32) of the inner wall surface (30)
of the cavity section (21) may have a curved surface
section, instead of the flat surface section (32b), that is
curved to be gradually closer to the second reference line
(L2) as the distance to the radially outer side decreases.
The central surface section (31) of the inner wall surface
(30) of the cavity section (21) may be formed in a V-shape
recessed with respect to the rotation center (Q) of the
rotor core (11). The outer wall surface (40) of the cavity
section (21) may be formed in a V-shape raised toward
the rotation center (Q) of the rotor core (11) or may be in
another shape.

[0162] While the embodiment and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
elements according to the embodiment, the variations
thereof, and the other embodiments may be combined
and replaced with each other.

INDUSTRIAL APPLICABILITY

[0163] As described above, the present disclosure is
useful for a rotor, a motor, a compressor, and a refrigera-
tion apparatus, and the like.

DESCRIPTION OF REFERENCE CHARACTERS

[0164]
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Motor

Rotor

Rotor Core

Cavity Section

Cavity Section

Inner Wall Surface (Radially Inner Wall Surface
of Cavity Section)

Central Surface Section
Side Surface Section

Arc Surface Section

Flat Surface Section
Connecting Surface Section
Outer Wall Surface (Radially Outer Wall Surface
of Cavity Section)

Center Rib

Reinforcing Rib

First Rib

Second Rib

Third Rib

Fourth Rib

Base

Salient Pole

Partition Wall

Side Bridge

Center Bridge

Compressor

Refrigeration Apparatus

1. A rotor comprising:

a rotor core (11) that has a cavity section (21)
having a plurality of cavities for each magnetic
pole,

wherein

the rotor core (11) includes a first rib (61) be-
tween one of the plurality cavities of the cavity
section (21) and another one of the plurality of
cavities adjacent to the one of the plurality of
cavities in a circumferential direction, where the
first rib (61) extends from a radially inner side of
the cavity section (21) to a radially outer side of
the cavity section (21), and

the first rib (61) is provided not to be on a first
reference line (L1) that bisects an angle be-
tween two lines, one of which connects a rota-
tion center (Q) of the rotor core (11) and one of
circumferential ends of a set of the plurality of
cavities of the cavity section (21), and another
one of which connects the rotation center (Q) of
the rotor core (11) and another one of the cir-
cumferential ends of the set of the plurality of
cavities of the cavity section (21); and the first rib
(61) includes a linear part extending from the
radially inner side of the cavity section (21) to the
radially outer side of the cavity section (21) in a
direction of a force acting on the first rib (61)
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while the rotor core (11) is rotating.

The rotor of claim 1, wherein

the firstrib (61) is formed so that a center line the first
rib (61) extends in the direction of the force acting on
the first rib (61) while the rotor core (11) is rotating.

The rotor of claim 1 or 2, wherein

the rotor core (11) includes a centerrib (50) between
one of the plurality cavities of the cavity section (21)
and another one of the plurality of cavities adjacent to
the one of the plurality of cavities in a circumferential
direction, where the centerrib (50) extends along the
first reference line (L1) from the radially inner side of
the cavity section (21) to the radially outer side of the
cavity section (21).

The rotor of any one of claims 1 to 3, wherein

the rotor core (11) includes a second rib (62)
between one of the plurality cavities of the cavity
section (21) and another one of the plurality of
cavities adjacent to the one of the plurality of
cavities in a circumferential direction, where the
second rib (62) extends from the radially inner
side of the cavity section (21) to the radially outer
side of the cavity section (21), and

the second rib (62) is provided not to be on the
first reference line (L1), and includes a linear
part extending from the radially inner side of the
cavity section (21) to the radially outer side of the
cavity section (21) in the direction of the force
acting on the second rib (62) while the rotor core
(11) is rotating.

The rotor of claim 4, wherein
the second rib (62) is line-symmetric to the first rib
(61) with respect to the first reference line (L1).

The rotor of any one of claims 1 to 5, wherein

in the rotor core (11), a plurality of cavity sections
(20) arranged in a radial direction for each mag-
netic pole of the rotor core (11) are formed, and
the cavity section (21) in which the firstrib (61) is
provided is a radially innermost one of the plur-
ality of cavity sections (20).

The rotor of any one of claims 1 to 6, wherein

the force acting on the first rib (6 1) while the rotor core
(11) is rotating is a force corresponding to at least a
centrifugal force among the centrifugal force, an
electromagnetic force, and a torque acting on the
rotor core (11).

The rotor of claim 7, wherein
aline (F) of action is located in a second range that is
located inward of a first range between a first ima-

10

15

20

25

30

35

40

45

50

55

16

ginary line (L3) and a second imaginary line (L4),
where the line (F) of action extends from a first
intersection (A) in the direction of the force acting
onthefirstrib (61) while the rotor core (11) is rotating,
where the first intersection (A) is an intersection
between the first rib (61) and the radially inner wall
surface (30) of the cavity section (21), where the first
imaginary line (L3) extends from the first intersection
(A)inadirection parallel to the first reference line (L1)
and is provided radially outward of the radially inner
wall surface (30) of the cavity section (21), where the
second imaginary line (L4) extends from the first
intersection (A) and passes through a second inter-
section (B), and where the second intersection (B) is
an intersection between the first reference line (L1)
and an outer circumferential edge of the rotor core

(11).
The rotor of claim 8, wherein

the second range is a range between a third
imaginary line (La) and a fourth imaginary line
(Lb), where the third imaginary line (La) extends
from the first intersection (A) and is located
inward of the first imaginary line (L3) in the first
range, and where the fourth imaginary line (Lb)
extends from the first intersection (A) and is
located inward of the second imaginary line
(L4) in the first range,

an angle between the first imaginary line (L3)
and the third imaginary line (La) is 1.9°X4/n,
an angle between the second imaginary line (L4)
and the fourth imaginary line (Lb) is 3.2°x4/n,
and

n represents the number of magnetic poles of
the rotor core (11).

10. Amotor comprising the rotor of any one of claims 1 to

9.

11. A compressor comprising the motor of claim 10.

12. A refrigeration apparatus comprising the compres-

sor of claim 11.
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